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PLFUREHQGLQJ H[SHULPHQWV DUH FRQGXFWHG IRU WKUHH HQJLQHHULQJ PDWHULDOV $OXPLQXP DOOR\  2+)& &RSSHU DQG FRPPHUFLDOO\ SXUH
7LWDQLXP LQ ERWK DLU DQG ZDWHU ZLWKRXW XVLQJ D SURWHFWLYH FRDWLQJ 6XUIDFH LQWHJULW\ LV LQYHVWLJDWHG LQ WHUPV RI VXUIDFH WH[WXUH VXUIDFH







/DVHU SHHQ PLFUREHQGLQJ LV D QRYHO QRQFRQWDFW PLFUR
IRUPLQJSURFHVVUHFHQWO\GHYHORSHGIRUVKHHWPHWDOV,WFDQEH
XVHGWRDFFXUDWHO\EHQGVKDSHSUHFLVLRQDOLJQRUUHSDLUPLFUR
FRPSRQHQWV ZLWK D EHQGLQJ DQJOH OHVV WKDQ  3RVLWLYH
WRZDUGV ODVHU EHDP RU QHJDWLYH DZD\ IURP ODVHU EHDP
EHQGLQJ DQJOHV FDQ EH DFKLHYHG E\ FRQWUROOLQJ WKH ODVHU
RSHUDWLRQSDUDPHWHUV IRU D VKHHWPHWDO FRPSRQHQW >@ 7KH
EHQGLQJPHFKDQLVPGXULQJ WKHSURFHVVLVGULYHQE\ WKHKLJK
SUHVVXUH VKRFNZDYHV LQGXFHG E\ D QDQRVHFRQGSXOVHG ODVHU
>@>@$OWKRXJKDQDEODWLYHFRDWLQJLVXVXDOO\DSSOLHGRQ WKH
FRPSRQHQW VXUIDFHGXULQJ WKH ODVHU VKRFNSHHQLQJSURFHVV LQ
RUGHUWRJHQHUDWHDJUHDWHUVKRFNFRPSUHVVLRQDQGSURWHFWWKH







SHHQ PLFUREHQGLQJ &KDQJHV RI VXUIDFH LQWHJULW\ DWWULEXWHV
VXFK DV VXUIDFH PRUSKRORJ\ KDUGQHVV DQG FKHPLFDO
FRPSRVLWLRQ E\ WKH ODVHU SHHQ PLFUREHQGLQJ SURFHVV




,Q WKLV ZRUN VXUIDFH PRGLILFDWLRQ DQG LQWHJULW\ RI WKUHH
PHWDOPDWHULDOVDUHHYDOXDWHGXVLQJDQH[SHULPHQWDODQDO\VLVRI
ODVHUSHHQPLFUREHQGLQJXVLQJDQ1G<$*QDQRVHFRQGODVHU
6XUIDFH LQWHJULW\ LV LQYHVWLJDWHG LQ WHUPV RI VXUIDFH WH[WXUH
VXUIDFH PRUSKRORJ\ PHFKDQLFDO SURSHUWLHV DQG FKHPLFDO
FRPSRVLWLRQFKDQJHIRUWKHVHWKUHHHQJLQHHULQJPDWHULDOV7KH






WHVW 7KH ODVHU IOXHQFH ZDV VHW WR WZR OHYHOV RI  DQG 
-FPZKLFKFRUUHVSRQGVWRWZRSXOVHHQHUJLHVRIDQG
-'XULQJWKHH[SHULPHQWWKHODVHUVFDQQHGWKHVSHFLPHQVLQD
FURVVUDVWHU SDWWHUQ XQGHU ZDWHU RU DLU DV WKH FRQILQHPHQW
PHGLXP 'XULQJ WKH H[SHULPHQW WKH ODVHU VFDQQHG WKH WRS
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7KH FKDQJH LQ PHFKDQLFDO SURSHUWLHV DIWHU WKH ODVHU SHHQ
PLFUREHQGLQJ WHVWV ZHUH LQYHVWLJDWHG RQ VXUIDFH
PLFURKDUGQHVVDQGUHVLGXDOVWUHVV6XUIDFHPLFURKDUGQHVVZDV
PHDVXUHGXVLQJD/(&2/0$79LFNHUVPLFURLQGHQWDWLRQ
KDUGQHVV WHVWHU 7KH DYHUDJH KDUGQHVV RI WKH DVUHFHLYHG
VSHFLPHQVZHUH+9+9DQG+9IRU$O&X
DQGFS7LUHVSHFWLYHO\$IWHUWKHSURFHVVWKHVXUIDFHKDUGQHVV
DYHUDJHV LQFUHDVHG WR  +9 E\   +9 E\








VKRZV WKH KLJK FRPSUHVVLYH UHVLGXDO VWUHVVHV LQ ERWK










VSHFLPHQVE\ ILYH VFDQVXQGHU ODVHU IOXHQFHRI  -FP LQ
ZDWHU DQG DLU 7KH &X VSHFLPHQ VXUIDFH XQGHU ZDWHU VKRZV
XQLIRUPVXUIDFH WH[WXUH LQ)LJDZKLOHREYLRXV IHHGPDUNV
DUHREVHUYHGRQ WKHODVWVFDQ WUDFNLQ)LJE7KH\DSSHDUHG
GDUNHU WKDQ UHJLRQV EHWZHHQ DQ\ DGMDFHQW IHHG PDUNV 7KH
SUHYLRXVIRXUVFDQWUDFNVZHUHODEHOHGZLWKVLJQLILFDQWGLIIHUHQW
DSSHDUDQFH 7KH GLIIHUHQW DSSHDUDQFHV ZHUH OLNHO\ UHVXOWHG
IURPGLIIHUHQWGHJUHHVRIR[LGL]DWLRQGXULQJRUDIWHUVFDQQLQJ













VXUIDFH SURILOHV RI VSHFLPHQV WUHDWHG XQGHU ZDWHU DORQJ WKH
VFDQQLQJGLUHFWLRQ)RU$ODQGFS7L WKHUHZHUHPDQ\ VSLNHV
ZLWKYHU\UDQGRPKHLJKWVDERXWȝP7KH&XVSHFLPHQKDV




















IRU ERWK PDWHULDOV EXW DSSHDUDQFHV ZHUH YHU\ GLIIHUHQW )RU
FS7L WKH IHHGPDUNVZHUH WKLQFXUYHG ULGJHVZLWKDXQLIRUP








LQ DLU DORQJ WKH VFDQQLQJ GLUHFWLRQ )RU ERWK $O DQG FS7L
VLJQLILFDQW SHULRGLF KLJK SHDNVZHUH REVHUYHG DPRQJ DOO WKH
VSLNHV7KHXQLIRUPLQFUHPHQWZDVFORVHWRWKHODVHUSXOVHIHHG
RIPPSXOVHGXULQJWKHODVHUVFDQQLQJGXULQJZKLFKWKH
ODVHU SXOVHVZHUH WUDQVODWHG DW D VSHHG RI PPVHFZLWK D











E IRU WKH VFDQQHG$O VSHFLPHQV5D LQFUHDVHG VLJQLILFDQWO\
IURP WKH LQLWLDO  P RI WKH XQWUHDWHG DUHD WR  P
6LPLODUO\IRU&X5DLQFUHDVHGIURPWKHLQLWLDOPRIWKH












WKH DERYH VHFWLRQV E\ FRPSDULQJ WKH GLIIHUHQW VXUIDFH
PRUSKRORJ\RIWKHSHHQHGVXUIDFHIRUGLIIHUHQWPDWHULDOVLQWKH
WZR PHGLD 7KH H[SHULPHQWDO ILQGLQJV LQGLFDWHG WKDW D PRUH




LQGLFDWHV GLIIHUHQW ODVHUPDWHULDO LQWHUDFWLRQ PHFKDQLVPV IRU
GLIIHUHQWPDWHULDOV3KDVHH[SORVLRQLVXVXDOO\FRQVLGHUHGDVWKH
PRVWHIILFLHQWPHFKDQLVPIRU WKHUPDODEODWLRQRQ VKRUW WLPH
7KH RFFXUUHQFH RI SKDVH H[SORVLRQ LV OLNHO\ WR EH RQH RI WKH




$ FKHPLFDO FRPSRVLWLRQ DQDO\VLV ZDV SHUIRUPHG RQ WKH
VFDQQHGVXUIDFHVE\;UD\SKRWRHOHFWURQVSHFWURVFRS\ ;36
XVLQJ D .UDWRV $[LV 8OWUD ;36 6\VWHP 7KH FKHPLFDO
FRPSRVLWLRQFKDQJHZDVLQYHVWLJDWHGRQWKH&XVXUIDFHVFDQQHG
XQGHU ODVHU IOXHQFH RI  -FP LQZDWHU LQ WKLV VWXG\ 7KH
VXUIDFHZDVVFDQQHGDJDLQDIWHUDQPHWFKLQJXVLQJ$ULRQ
EHDP)LJDFVKRZVWKHZLGHVFDQUHVXOWVWKURXJKWKHZKROH
HQHUJ\VSHFWUXPIRU WKUHH VXUIDFHVSROLVKHGRULJLQDO VXUIDFH
VFDQQHGLQZDWHUDQGHWFKHGE\QP7KHVLJQLILFDQWWZRKLJK























R[LGHVEHORZDVSHHQHG VXUIDFH7KXV FKHPLFDO FRPSRVLWLRQ









0XOWLSOH ODVHU SHHQ PLFUREHQGLQJ H[SHULPHQWV ZHUH
FRQGXFWHGLQWKLVZRUNIRU$ODOOR\2+)&&XDQGFS7L
,QFUHDVHG VXUIDFH PLFURKDUGQHVV DQG FRPSUHVVLYH UHVLGXDO
VWUHVVZHUHREWDLQHG&OHDUIHHGPDUNSDWWHUQVFRUUHVSRQGLQJWR
WKH ODVHU SXOVH IHHG RI PPSXOVHZHUH REVHUYHG RQ WKH
VFDQQHGVXUIDFHIRUDOO WKUHHPDWHULDOVXQGHUDLUFRQILQHPHQW
7KHIHHGPDUNVIRU$ODQGFS7LFRUUHVSRQGHGYHU\ZHOOZLWK
WKH SHULRGLF KLJK SHDNV LQ WKH KHLJKW SURILOHV ZKLOH VXFK
SHULRGLFSHDNVZHUHQRWREVHUYHGLQWKH&XVSHFLPHQV:LWKRXW
VKRZLQJ DQ\ IHHG PDUN IRU DQ LQGLYLGXDO VFDQ WUDFN WKH
VSHFLPHQVXUIDFHDSSHDUHGLQDXQLIRUPVXUIDFHWH[WXUHIRUWKH
PDWHULDOV WUHDWPHQW XQGHU ZDWHU FRQILQHPHQW  7KH VXUIDFH
URXJKQHVV FKDQJH KLJKO\ GHSHQGHG RQ WKH ODVHU PDWHULDO
LQWHUDFWLRQ 7KLV VWXG\ DOVR VKRZHG WKDW WKH PHWDO VXUIDFH








WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ XQGHU *UDQW 1XPEHU (36
DQG6WDWH.H\/DERUDWRU\RI0HFKDQLFDO6\VWHPDQG
9LEUDWLRQ6KDQJKDL-LDR7RQJ8QLYHUVLW\&KLQDXQGHU*UDQW
1XPEHU069
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